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Sir: . 

I, Paul N. Arendt, declare the following: 

1) That I, Paul N. Arendt, am an inventor of the subject matter ciaimfed in 
U.S. Patent Application Serial No. 10/624,350 ("Applicationr"); 

2) That I understand that the subject matter of the claimed invention has 
been rejected under 35 USC § 103(a) as obvious over Arendt (US 2003/0036483 A1) in 
view of Rosswag (US 4,372,831) and rejected under 35 USC § 103(a) as obvious over 
Glowacki {Texture developments in long lengths of NiF^p tapes for superconducting 
coated conductors. Journal of i Materials Science, vol. 37, nb 1, pp 157-168, Jan 2002) in 
view of Rosswag (US 4,372,831); 

3) That, as to the first basis for rejection, the Subject matter claimed In the 
Application is not described or rendered obvious by ithe combined teachings of 
Arendt '483 in view of Rosswag because neither reference teacfies a process for 
electropolishing a metallic tapje to the claimed root mean jsjquare f RIViS") roughness of 
about 4 nanometers ("nm"), as in claim 1, or about 0.5 nm^jas in claim 3; 
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4) That Arendt '483 teaches an article comprising a substrate, a layer of an 
inert oxide material upon the surface of the substrate, a \&y^r of an amorphous oxide or 
oxynitride material upon the inert oxide material layer, and; a layer of an oriented cubic 
oxide material having a rock-salt-like structure upon the amorphous oxide or oxynitride 
material layer; 

5) That Arendt '483 paragraphs [00151 and [0016] teach that a metallic 
substrate often has a RMS roughness of 15 nm to 100 nm or greater; 

6) That Arendt '483 paragraphs [0015] and [0016] teach that a metallic 
substrate can be mechanically polished, electrochemicSilly polished, or chemically 
polished to reduce the RMS roughness^ but. even if polished, the inert oxide layer must 
be deposited to give the substrate a RMS roughness of les$ than about 2 nm; 

7) That one of ordinary skill m the art would rliot be able to attain a . RMS 
roughness of less than about 2 nm by any electropoljshing process disclosed in 
Arendt '483 without the inert oxide layer;' 

8) that at the time of Arendt '483 a process f6r electropolishing a metallic 
substrate to a RMS roughness of less than 2 nm was not known; 

9) That Rosswag does not satisfy the deficiencies of Arendt '483; 

10) That, as to the second basis for rejection, the subject matter claimed in ;the 
Application is not described or rendered obvious by the coitibined teachings of Glow^ckl 
In view of Rosswag because neither reference teaches a process for electropolishing a 
metallic tape to the claimed RMS roughness of about 4 nmt 

11) That "mirror gloss" is a subjective term and that a surface does not need 
to be smooth to the claimed RMS roughness of about 4 nnji to be sufficiently specular to 
be a mirror finish; 

12) That "min-or gloss" can be discerned fr0m a suri^ace with a RMS 
roughness as high as 20 nm; 
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13) That, contrary to the Examiner's statements, combining Glowacki's 
disclosure and Rosswag's statement that "a mirror gloss or shine is obtained in the 
upper current density range" would not suggest to one sicllifcd in the art that the claimed 
RMS roughness in claim 1 of about 4 nm could be achieved; 

14) That, furthermore, combining Glowacki's idisclosure and Rosswag's 
statement that "a mirror gloss or shine is obtained in the upper cunrent density range" 
would not suggest to one skilled in the art that the claimed f<MS roughness in claim 3 of 
about 0.5 nm could be achieved; 

15) That I am a coauthor of Improvements of IBAD MgO Template Layers on 
Metallic Substrates for YBCO HTS Deposition (lEES Transactions on Applied. 
Superconductivity, voL 13, no/2, June 2003;.submitted herpwith) ("Article"); 

16) That the Article discusses the relationship df critical current density and 
substrate RMS roughness; . » 

17) That, as shown in Figure 3. a dramatic increlase in critical current density 
is observed with decreased substrate roughness; 

18) That, in particular, Figure 3 shows that a clitical cunrent density of less 
than 0.2 megaamperes per square centimeter ("MA/cm^")) corresponds to a substrate 
RMS roughness of about 4 nm whereas a critical current density greater than 1.0 
MA/cm^ corresponds to a substrate RMS roughness of a{bout 0.5 nm which indicates 
that a smoother substrate yields a significantly higher critical current density; 

19) That, even though the Article involves a subsitrate with a coating layer, the 
same relationship between critical current density and $uDstrate RMS roughness is 
observed for a 4 nm electropolished metallic tape and a 0J5 nm electropolished metallic 
tape; 

20) That all statements made herein of my own knowledge are tme, and that 
all statements made on information and belief are believed to be true; and 
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21) That these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or ihiprisonment, or both, under 
section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon; 




Paul N. Ar«ndt Date 
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Improvement of IBAD MgO 
Metallic Substrates for YBCO H 



Template Layers on 
S Deposition 



r 



J. R. Groves, P. N. Arendt, S. R. Foltyn, Q. X. Jia, T G. Holesinger, L. A. ! 

and L. Stan 



Eirmert, R. F. DePaula, P. C. Dowden, 



>45s£rflc/— We present our results to improve ion beam assisted 
deposition (IBAD) of magnesia (MgO) templates for subsequent 
YBaaCusOr-tf (YBCO) deposition. The substrate surface rough- 
ness has a significant eHect on the Initial nudeation texture of 
IBAD MgO films. We have found that reduction in our substrate 
surface roughness to 3.5 nm has resulted in better in-plane 
texture for IBAD MgO films than those deposited on rougher 
metal substrates. We have further improved the IBAD MgO 
deposition parameters by using an in situ reflected high-energy 
electron diffraction (RUEED) analysis tool that allows for moni- 
toring of IBAD MgO growth. We have found a direct correkition 
between the RIICED generated ii>tensity versus time curve and 
ia-planc texture. Utilizing X-ray; diffraction analysts, we have 
been able to determine the optimum deposition parameters to 
routinely grow films in batch mode that have a phi scan from 
.6-7°. Coupling the improvements in substrate preparation with 
optimization of IBAD MgO deposition has allowed for both batch 
and continuous deposition (termed c-IBAD MgO) on metallic 
substrates that result in superior superconducting properties. We 
have demonstrated that deposited ineter lengths have had phi scan 
FWHM values from 8-9'' with :i;10% uniformity. Additionally, 
we have been able to widen the processing zone in our system and 
coat two, one-meter lengths simultaneously while preserving good 
texture quality ^ 8°> and uniformity (6(K-80% of tape 

length within ±5% of A^^vo) for both tapes. 

Index Terms — Coated conductor, high-temperature supercon- 
ductor, ion-beam assisted deposition, magnesium oxide. 



L INTROIJUCTION 

ONE OF THE drawbacks to commercialization of 
YBa2Cu307_6 (YBCO) superconductors is the so-called 
"weak-link" behavior that limits polyciystalline thin film super- 
conducting performance due to grain boundary roisorientation 
angle [1]. This limitation is offeejt by the superior irreversibility 
in field exhibited by YBCO p compared to the Bi-based 
superconductors [2]. Consequently, the deposition of YBCO 
films on metallic polycrystallinfe substrates, which provide a 
robust platform for long-length deposition and high mechanical 
strength for a variety of applications^ is of importance to the 
power industry [3]. 

A successful technique for 
YBCO on metallic substrates is 



depositing biaxially oriented 
the use of ion beam assisted 
dq)osition (IBAD) to grow a biaxially textured film of yt- 
tria-stabilized zirconia (YSZ) on mechanically polished nickel 
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fabri< nation. 

ntense effort on <ievelopiing a material to. 
YSZ in IBAD prode^sing thiit' will reduce ' 
Wang et aj. found that corriparabl^ 
be achieved ,^ing maghi^'sium oxide, 
material [9]. Th^.pbservpdithat tBAD MgO 
to develop texture comparable to that of 
tftiickness, which;.for equivalent depositicwi 
p rocess that is 'V .100 time&fasterlhan IBAD 
ted IBAD MgO on nickel-based supcralloy 
our typical mechanical polishing method 

depositions. Early results produced 
of 7.5° but critical current densities less 
K, self-field) [10]. An in-plane texture 
should have resulted in a much higher 
that other Motors were contributing 
the superconductor performance, 
work over the past year has focused on 
for subsequent YBCO deposition on 
polycrystalline nickel-based super-al- 
achleve this performance, we have dieveloped 
Lipon specific parameters in our deposition 
most influential parameters are IBAD 
substrate roughness. To date, we have 
films (> 1 .5 mm) on small-area metal 
MgO template films that have achieved 
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3ur recent results on short sample sections 
CO ited with IBAD MgO as a template layer 
20 deposition. We also discuss further 
MgO on meter-length substrates in a 
present results from these experiments. 



PAGE 17/20 ' RCVD AT 5/2/2007 12:25:09 PM [Eastern Daylight Time] * SVR:U8PTO-EFXRF-1/0 " DNIS: 2738300 * CS1D:505 665 4424 * DURATION (mm-ss):09-10 



05/02/07 



Best Available Copy 

10:31 FAX 505 665 4424 GENERAL LAW 



@|018 



26S2 



IEEE TRANSACTIONS ON APPUEli SUPERCONDUCnVlTY. VOL. 13, NO. 2, JUNE 2003 



Improvements in both unifonnity and texture on continuously 
processed meter-lengths will also be discussed. 

11. Experimental Procedure 

The substrates used in this study were nickel-based alloys 
(Haynes 242 or Inconel 625). For batch mode studies, small 
area samples (1 cm by 1 cm by 0.1 mm thick) were polished 
using an orbital polish that allowed for control of the surface 
roughness (between 0.05 and 4 nm). For continuous processing, 
all metal substrates were 1 cm wide, 0.1 mm thick, and formed 
into 1 l3-cra loops. Before deposition, the metal substrates were 
mechanically polished with 1 /im diamond paste to an average 
surface roughness of 3.5 nm. A ~ 5 nm thick amorphous layer 
{e.g., silicon nitride) ^^as deposited on the substrate surface 
using r.f. magnetron sputtering. A subsequent layer of MgO 
10 nm) was deposited on the amorphous layer using IBAD» 
For these experiments, a dual ion-beam sputtering system was 
used, as is 'discussed in detail in a previous paper [7]. Briefly, ' 
argon ioiis were accelerated to 750 eV with a current density o^ 
100 fiA/cT^^ psing a 22 cm x 2.5 cmKaufinan ion source. The. 
ion source incidence angle was at 45*^ relative to the substrate. 
Concurrently, a siecorid ion gun provided the MgO vapor flux • 
of 0.04 nm/s from a 15- cm-diameter stoichiometric 'MgO 
target The ion-to-atom ratio was kept constant at 0.7, which 
reduced thQ efPectfve deposition rate by 30% to 0.028 nm/s y 
due to resputtering. This processing rate (l/4x of our reported 
deposition rate) was used to increase the temporal width of 
the processing window and allowed for greater coiitrol of the 
IBAB deposition for these detailed experiments. The vapor ' 
flux and die ion* fluence were monitored with a quartz crystal 
microbalance and a Paraday cup, respectively. All IBAD de^ 
positions were performed at room temperature. In some cases, 
a homoepitaxial layer of magnetron sputtered MgO (100 run 
thick at 500° C) was added This thickness allowed the MgO 
film texture to be quantified by standard X-ray difiOraction. 

IBAD film growth was monitored in situ using Reflected 
High-Energy Electron Diffraction (RHEED) by collecting 
a spot intensity versus time (/ versus i) curve that used the 
reflections corresponding to the (002) and (022) planes. Images 
were captured using kSA400 software (k-Space Associates, 
Ann Arbor, Michigan). All patterns were taken at a beam 
energy of 25 keV. 

Surface roughness was measured using contact atomic force 
microscopy (AFM)(Thennomicroscopes, Simnyvale, CA,, 
Model M5) at atmosphere. All samples were scaimed using a 
5 /Am by 5 ^m area. Roughness values were calculated using 
the root mean square (ilrma) of the scanned area. 

m. Results and Discussion 

A series of films was deposited at thicknesses that corre- 
sponded to particular times along the RHEED / versus t curve 
(each thickness is represented as a data point in Fig. 1). This 
was done to determine any correlation between the / versus 
t curve and the in-plane texture. Each of the films was over- 
coated with a homoepitaxial layer of MgO and then analyzed 
using an XRD (^-scan. We have shown that although there is 




Fig. 1. A graph showing 



ilie change of in-plane texture (A^) end nonnalized 
RHEED spot intensity vei »us time. Note that at the maximum spot intensity, a 
miiUmum in is obsen ed. . • " 
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between the IBAD film in-plane tex- 
ovtrcoated IBAD film^ the tfend) from sample 
[12]. The XRD results are plotted 
t curve at the cbrtespbndirig times that 
sitions were stopped 'm Fig. I: At succes- 
curve the films" Ai^ measured firom 1 5"* at 
a minimum value 6f 8^- near the spot in- 
then increased :to 18° at 15 seconds 
ch the maximum spot intensity was ob- 
the resillts of these experinientsi 'it appears that the 
achie> ed at this maximum intensity pnd that the 
drasjdcally degrades if the IBAD MgO film is 
this maximum intensity value: A biick- 
en found to conespond to this maximum 
by AFM. 

to grow beyond the maximum in the J 
that some other surprising effects occur, 
configuration, the RHEED beam is par- 
. If, after the deposition is completed, the 
'^0° with respect to the ion beam direction, 
away firom the ion source as the film con- 
beyoijid 10 nm. The tilting progresses from ~ 0** 
nm and to 12** at 30 mn as shown in Fig. 2. 
<|)bserved by Wang and partially repeated by 
As one continues to deposit IBAD MgO 
the tilt continues to increase until it appears to ap- 
value of ~ 30° near a thickness of 1 00 nm . 
as the film grows beyond 10 run land the 
Hway fiom the ion beam, the ions do not 
alon r the (1 10) direction. This induces a greater 
n the surrounding film thereby increasing 
ctween grains. By stopping the growth of 
nfaximum in the / versus t curve, we have 
high-quality IBAD MgO on metallic sub- 
are capable of routinely depositing films 
and7°[14]. 

has influenced the deposition of high 
films is substrate roughness. As shown in 
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Fig. 2. Graph showing the change in MgO (200) lattice dlt as a function of 
IBAD MgO thickness. 
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Fig. 3. The effect of metal substrate roughness on fmol YBCO in-plane texture 
(A<A) ond superconducting critical current (Je). A direct correlation ia observed 
between reduction in the substrate surface roughness and both the texture and 
pcrfoimance of YBCO on IBAD MgO tempbtes. 

Fig. 3, there is a direct correlation between reduction in metal 
substrate surface roughness and final YBCO in-plane texture as 
well as the corresponding critical current density (Je). The data 
points shown in Fig. 3 are conipiled for a recent set of experi- 
ments on batch mode samples. The substrates were prepared 
at different surface roughness values using the small area pol- 
ishing technique described in the experimental section. All the 
samples used in this study had the following film architecture: 
YBCO/Ce02A^SZ/homocpi-MgO/IBADMgO/a«.Si3N4/C276. 
The curve fits accompanying the data points show a distinct 
trend that has been observed for several continuously coated 
IBAD MgO samples as well. As a consequence of this study, 
we have developed a proprietary process for preparing sub- 
strates for continuous substrates that can finish surfaces to 
^ 2 nm Rt ITU* 

As an example of the improvements made considering 
the two important factors discussed above, the supercon- 
ducting transport properties were measured for a number of 
> 1-^- thick YBCO deposited on continuously deposited 
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Fig. 4. A graph showing the texture uniformity of a continuously processed 
IBAD meter .as a functicni of position along the tape Length. The daik band 
indicates values of textiurej that are within ±10% of the average for the 
tapcthntis 9,4*. | 
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simultaneously coated 
a A^.va of 'v 7*. 
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values as a fSinction of position for one of two 
IBi[kD MgO loops. Note that over 60 cm of material has 



(c-lBAD) MgO teir^>lates. In 2001 our best meter of c-ffiAD 
MgO was fabricatedjwith in-plane values along the length 
of the tape averaging ^ 1 1° [15]. The best 25-cm section (av- 
erage 9**) from triis tape was cut into 1 cm pieces and coated 
with YBCO using PLD. The samples were then patterned into 
microbridges and ' Characterized for their superconducting 
transport properties jlising the 1 piV/cm criterion — the results 
of which were suraiiarized recently [11]. The average Jc for 
these 24 samples was 0.89 MA/cm^ (75 K, SF) with an average 
YBCO thickness of!|l.44 ^m. With this type of performance, a 
projected average i^Ji of 125 A/cm width was expected. 

Over this past year, we have continued to refine the deposi- 
tion process and improve substrate preparation to optimize the 
c-IBAD MgO. To this end, several meter length loops have been 
processed with impn jved in-plane texture values and uniformity. 
Shown in Fig. 4 is al typical meter of c-IBAD. The majority of 
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the meter length IBAD MgO values fell well within ±10% 
of the average d^<f> = 9.4**. Not only is this improvement in uni- 
formity substantial, but the texture value has dropped by another 
2^ on average. 

We have continued to improve our deposition technique by 
increasing the processing window of the c-IBAD MgO through 
further optimization using the RHEED / versus t curve and with 
enhancements in substrate surface preparation. This has resulted 
in the meter shown in Fig. 5. In contrast to Fig. 4, this meter 
(even with the scatter at the ends) has an average of 8°. 
Over 60 cm of the tape has an average value of 7** with the 
majority of the length within ±5% of this average value. 
Furthermore, this tape was processed alongside a second meter 
loop deposited upon simultaneously. The average for this 
meter was slightly higher at ^.3°. Both tapes produced well- 
aligned c-IBAD MgO templates. 



TV. Summary AND Conclusion 

Two fundamental parameters havis been found to greatly 
influence the texture values of IBAD MgO films. There exists 
a critical IBAD MgO thickness ('-10 mn) and necessary 
substrate surface finish (< 3.5 nm i^rmO that is critical to 
depositing high quality IBAD MgO template layers. In situ 
monitoring with RH^ED I versus t curves has allowed for the 
expansion of the IBAD MgO processing window by determining 
the appropriate thickness necessary to develop highly aligned 
template films. We have demonstrated that it is possible to - 
rountinely polish these Ni-all6y loops to i^rma values better 
that 3.5 nm. This ultimately results in a final YBCO film with 
higher performance than, on previously coated IBAD MgO 
templates. We have demonstrated that high-quality IBAD MgO 
can be deposited continuously on technically relevant metallic 
tape. Improvements in substrate polishing, coupled with in 
situ RHEED, have resulted in the optimization of processing 
parameters and in the deposition of highly textured (A<^ave 
8_9«) c-EBAD films. These c-TBAD fibns have been coated 
with YBCO and shown to perform well. These c-IBAD MgO 
samples subsequently deposited in batch mode with > 1 /an 
thick PLD YBCO have achieved Jc > 1 MA/cm^ (75 K, 
SF), As a fijrther demonstration of the viability of o-IBAD 
MgO, two 1 13-cm loops have been coated with MgO resulting 
in well aligned material. These results confirm that c-IBAD 
MgO is a feasible alternative to IBAD YSZ that can have 



direct benefits in industrial processing of second-generation 
coated conductors. 
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